Bacillus cereus causes distinct exotoxin-mediated diarrheal and emetic food poisoning syndromes and a variety of nongastrointestinal infections. Evidence is accumulating that hemolysin BL is a major B. cereus virulence factor. We describe two methods for detection of hemolysin BL in crude samples and on primary culture media. In the first method, the highly unusual discontinuous hemolysis pattern that is characteristic of pure hemolysin BL was produced in sheep and calf blood agar around wells filled with crude culture supernatant from hemolysin BL-producing strains. In the second method, the pattern was formed surrounding colonies of hemolysin BL-producing strains grown on media consisting of nutrient agar, 0.15 M NaCl, 2% calf serum, and sheep or calf blood. Hemolysin BL production was detected with these methods in 41 of 62 (66%) previously identified B. cereus isolates and in 46 of 136 (34%) presumptive B. cereus isolates from soil. All nine isolates tested that were associated with diarrhea or nongastrointestinal illness were positive for hemolysin BL. The methods presented here are specific, simple, inexpensive, and applicable to the screening of large numbers of samples or isolates.
Bacillus cereus causes two distinct food poisoning syndromes, characterized, respectively, by diarrhea and emesis. It is also responsible for a number of nongastrointestinal infections (32), the most common of which is a highly fulminant posttraumatic endophthalmitis. The great majority of research on the pathogenic nature of this organism has been toward identifying and characterizing a diarrheal enterotoxin. The toxin or toxins involved in the diarrheal disease may also be involved in nongastrointestinal infections (33) .
Beecher and Macmillan have described a tripartite hemolysin, designated hemolysin BL, produced by B. cereus (2, 3) .
This hemolysin possesses numerous characteristics consistent with the characteristics of previously described multicomponent enterotoxins (6, 31) . In particular, it causes vascular permeability and necrosis in rabbit skin and is likely an important virulence determinant of B. cereus.
Hemolysin BL consists of three components, designated B, L,, and L2. It produces a highly unusual discontinuous hemolytic pattern when placed in wells cut into sheep or calf blood agar. Lysis does not begin at the well edge but rather some distance away from the well, typically several millimeters. With time, the cells proximal to the well are lysed, but the diameter of the hemolytic zone does not increase much beyond the initial diameter. Our objective in this study was to develop simple methods for the detection and identification of hemolysin BL-producing Bacillus isolates. Here we describe two such methods.
We found that the discontinuous hemolytic pattern of hemolysin BL was produced by B. cereus culture supernatants applied to a gel diffusion assay previously described for the purified hemolysin (2, 3) . We also developed a primary blood agar growth medium, designated HBL agar, that facilitates the identification of hemolysin BL-producing B. cereus strains. The medium consisted of nutrient agar supplemented with 0.15 M NaCl, 2% calf serum, and 2.5% sheep or calf blood.
(608) . Electronic mail address: amywong@macc.wisc.edu. Beta hemolysis surrounding colonies on blood agar is a diagnostic character of B. cereus (29) . However, the hemolytic zones on conventional media are continuous; i.e., hemolysis begins at the edge of the colony and moves outward without an area of nonlysed cells between the colony edge and the outer edge of the zone. On HBL agar, the hemolytic pattern surrounding hemolysin BL-producing isolates was discontinuous and therefore diagnostic of hemolysin BL sheep blood (BBL, Cockeysville, Md.) was washed by centrifugation in 0.15 M NaCl until the supernatant was colorless. Washed blood was added to cooled (50 to 55°C) molten agar media to a concentration of 5% and poured into plates in 15-ml volumes. Solid media for the detection of hemolysin BL were prepared as follows. Nutrient agar (Difco) was supplemented with 0.15 M NaCl, autoclaved, and cooled to 50 to 55°C. When required, sheep, calf, or rabbit blood lysate was added to the desired concentration (0.5 to 4%) or calf serum (Sigma, St. Louis, Mo.) was added to a concentration of 2%. Washed or unwashed defibrinated sheep or calf blood was added to 2.5%. The blood lysate was prepared by addition of defibrinated blood to an equal volume of water followed by addition of sterile 1 M NaCl to restore isosmotic conditions (final NaCl concentration, 0.15 M). The blood lysate was centrifuged at 20,000 x g for 30 min, and the supernatant was used as the additive. When other additives were used, they were added to cooled molten media. All solid media were allowed to set overnight at room temperature before use. Plates were inoculated by spread plating, streak plating, or spot inoculation. For spot inoculation, several microliters of a seed culture was drawn into a small (250-,ul capacity) pipette tip with a micropipette, and excess liquid was removed by touching the tip to the vessel wall. Plates were inoculated by touching the end of the tip gently to the agar surface without depressing the pipette plunger. This method delivered a fraction of a microliter to the agar per inoculation.
Isolation of hemolysin BL-producing strains. Soil samples were collected at 10 sites on the University of WisconsinMadison campus. The samples were diluted in sterile saline and plated onto nutrient agar supplemented with 0.15 M NaCl, 2% calf serum, and 2.5% sheep blood and streaked with 0.1 ml of 5,000-U/ml polymyxin B sulfate. Colonies exhibiting a discontinuous zone of hemolysis were isolated and subcultured onto nutrient agar containing 50 mg of MnSO4 per liter. Cells grown on this medium were examined by phase-contrast microscopy for cell and spore morphology and parasporal crystal formation. Two isolates produced intracellular inclusion bodies that could not be identified as parasporal crystals by phase-contrast microscopy. These isolates were stained for parasporal crystals by a modified malachite green method (22) . All of the isolates were plated onto mannitol-egg yolk-polymyxin agar for presumptive identification as B. cereus.
Growth of strains in liquid culture. Flasks (250 ml) containing 50 ml of brain heart infusion broth supplemented with 0.1% glucose (BHIG) were each inoculated with 1% (vol/vol) of an overnight stationary seed culture grown in BHIG at 30°C. Detection of hemolysin BL on solid media. Beecher (1) noted that growth of hemolysin BL-producing strains on nutrient agar supplemented with 0.15 M NaCl and sheep or calf blood resulted in the production of the discontinuous pattern. However, these results were difficult to reproduce.
We noticed that particularly distinct discontinuous lysis patterns occurred when B. cereus F837/76 was grown on a batch of medium prepared with blood that was more than 1 Although numerous changes may occur in stored blood over time, the most obvious is cell lysis. We tested whether erythrocyte cytoplasm from lysed cells contributed to the appearance of the discontinuous hemolytic pattern. Fresh blood was washed with sterile saline to remove cytoplasmic constituents released by spontaneous hemolysis. The washed blood was either added to culture media or prepared as a lysate. When nutrient agar with 0.15 M NaCl and 2.5% blood was supplemented with lysate, the discontinuous pattern surrounding B. cereus F837/76 became more distinct as lysate was increased from 0.5 to 4% (vol/vol). Similar results were obtained when this experiment was repeated with calf blood in the medium instead of sheep blood.
The preparation of erythrocyte lysate is somewhat cumbersome, and aged blood would provide indeterminate concentrations of erythrocyte cytoplasm. Therefore, we sought a commercially available additive that would enhance the discontinuous hemolytic pattern and be simple to prepare. Yeast extract at 0.1 to 0.6% did not appreciably enhance the pattern, nor did bovine hemoglobin (0.5 and 1.0%) or 0.1 mM FeCl2 or FeCl3. However, calf serum at 2% was more effective than 4% erythrocyte lysate. The medium formulation containing 2% calf serum is designated hemolysin BL (HBL) blood agar.
We ran a temperature profile of the formation of the discontinuous pattern to estimate a suitable range of incubation temperatures. Figure 2 illustrates the effect of incubation temperature on the production of the discontinuous hemolytic patterns of four hemolysin BL-producing B. cereus isolates. Hemolysis began as a zone of continuous lysis ( Fig. 2; 18°C h, and 22°C, 24 h) for all isolates and was followed by the appearance of the discontinuous zone. The four isolates used in this experiment illustrate the range of discontinuous zones that we have seen so far. When central continuous hemolytic zones were large relative to the outer discontinuous zones, the two zones merged rather rapidly, making incubation conditions especially important. Incubation at 37°C is not shown in Fig. 2 because the hemolytic patterns of all four strains were continuous by 12 h. Except for F837/76, the discontinuous patterns at 18°C were indistinct and lysis was not complete.
In the above-described experiments, the HBL agar was inoculated with a heavy inoculum of actively growing cells. A streak plate was used to determine whether single CFU are sufficient to produce the discontinuous hemolytic pattern. For   Fig. 3 (Fig. 4) . Isolation of hemolysin BL-producing strains. Hemolysin BL was not detected in three of four B. mycoides strains or in two B. thuringiensis strains. We expected that these two species would produce hemolysin BL since they are very closely related to, and are often considered varieties of, B. cereus (13, 23, 25, 30) . Therefore, we used the discontinuous hemolytic pattern as a diagnostic character in an attempt to isolate these organisms.
We plated 10 soil samples on HBL sheep blood agar that had been surface spread with 0.1 ml of 5,000-U/ml polymyxin B sulfate as a selective agent. Of 136 colonies exhibiting beta hemolysis, 46 (34%) exhibited a discontinuous hemolytic pattern. The numbers of hemolysin BL-producing isolates in the samples ranged from 1 x 104 to 14 x 104 CFU/g of soil.
Numerous mycelial colony forms consistent with B. mycoides were seen, but none exhibited a discontinuous hemolytic pattern. Forty-one of the hemolysin BL-producing colonies were isolated and examined for cell and spore morphology and characteristics on mannitol-egg yolk-polymyxin agar for presumptive identification of B. cereus. All 41 of the isolates exhibited ellipsoidal central or paracentral spores and cell dimensions of 1 to 1.2 pLm by 3 to 8 ,.m. All isolates were resistant to polymyxin B, produced lecithinase, and did not produce acid from mannitol. None of the isolates produced parasporal crystals. 
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These observations establish a presumptive identification of all of the hemolysin BL-producing .soil isolates as B. cereus (13) . No B. mycoides or B. thuringiensis strains were isolated when the hemolysin BL phenotype was used as the basis for colony selection. Although most of the isolates had colonial morphologies different from those of the others from the same sample, no attempt was made to further differentiate the isolates as distinct strains. DISCUSSION B. cereus causes a variety of exotoxin-mediated illnesses, which gives rise to a need for exotoxin detection methods. Currently used methods are either difficult to perform or of unproven specificity. B. cereus diarrheagenicity is defined by activity in the ligated rabbit ileal loop test (32) . This activity correlates well with rabbit vascular permeability activity (12, 32, 34) . Neither method is suitable for screening large numbers of samples or isolates.
There are two commercially available immunoassays for diarrheal enterotoxin (the BDE Visual Immuno Assay from TECRA and the BCET-RPLA kit from Oxoid), which detect different proteins (4, 9) . The value of these kits is questionable, because there is currently no consensus as to the identity of the diarrheal enterotoxin. At least two distinct enterotoxins have been described (6, 26, 27, 31) , and neither supplier has identified the detected protein or provided validating data.
Cell culture methods have been frequently used to detect B. cereus diarrheal activity (8-10, 14-16, 18, 36, 37) . However, none have been rigorously validated to rule out interference from the hemolysins, phospholipases C (2, 32), and proteases (20, 28) produced by B. cereus.
Here we report two simple and specific detection methods for hemolysin BL. This toxin is a well-characterized tripartite hemolytic-dermonecrotic-vascular permeability factor that is likely a major virulence factor in nongastrointestinal infections (2, 3, 5, 17) .
It has yet to be tested for diarrheal activity, but it is likely identical to the tripartite enterotoxin described by Thompson et al. (31) and Bitsaev and Ezepchuk (6) .
The unusual discontinuous hemolytic pattern of hemolysin BL was expressed directly around colonies grown on HBL blood agar and in blood agar around wells containing BHIG culture supernatant. Our observations suggest that most hemolysin BL-producing strains can be identified on HBL sheep blood agar. However, some strains were more easily detected on HBL calf blood agar. It may be possible to fine-tune the formulation of HBL agar and incubation conditions to permit detection on sheep blood of all hemolysin BL-producing strains. Until then, it may be useful to check for discontinuous hemolysis on calf blood before ruling out hemolysin BL production.
B. cereus SlC was particularly unusual in that hemolysin BL could be detected on HBL calf blood agar but was not lytic at all on HBL sheep blood agar or Columbia sheep blood agar. The identification of such an anomalous strain suggests that a complete understanding of B. cereus pathogenicity may not be possible through the study of one or a few prototype strains.
Our temperature profile studies indicate that incubation of HBL blood agar at 22 to 25°C would be best for production and identification of discontinuous hemolytic patterns. At higher temperatures the patterns disappeared too quickly, and at lower temperatures the patterns of some strains were not distinct enough to be easily interpreted.
The discontinuous hemolytic pattern of hemolysin BL is so distinct that HBL blood agar can likely be adapted for detection of toxigenic B. cereus in food, clinical, and environmental samples. Polymyxin B did not interfere with the production of discontinuous hemolysis, so, if necessary, it can be added to HBL agar as a selective agent for the isolation of B. cereus (35 We have not characterized enough isolates to draw broad generalizations about the distribution and relative frequency of the hemolysin BL phenotype. However, some interesting trends have begun to surface. All of our strains associated with diarrhea or necrotic infections were hemolysin BL positive by these methods. The emetic strains, which cause food poisoning by a different toxin than diarrheal strains (19), were negative.
Of the dairy and rice isolates assayed, 67% were hemolysin BL positive, while only 34% of the presumptive B. cereus colonies (hemolytic, polymyxin B resistant, and characteristic colony morphology) from soil were positive. Whether this represents a true difference in the distribution of hemolysin BL-producing strains between food and soil requires more extensive investigation.
We were surprised that we did not isolate B. thuringiensis or B. mycoides by identifying the hemolysin BL phenotype. It is generally thought that there are no stable biochemical characters that differentiate this group (13, 23, 24) . The spreading rhizobial growth of B. mycoides may not permit the formation of the discontinuous hemolytic pattern on HBL blood agar, which seems to depend on the diffusion of hemolysin BL from a stationary source. However, the pattern should be evident by the gel diffusion method if hemolysin BL is produced in liquid culture. Many more isolates must be tested to discount the production of hemolysin BL by B. thuringiensis and B. mycoides.
The discontinuous hemolytic pattern surrounding colonies is highly unusual but not unique. It is seen surrounding colonies of Xenorhabdus luminescens, a gram-negative insect pathogen (7, 11) . The hemolysin that causes the pattern has not been identified. The occurrence of this hemolytic phenomenon in such apparently disparate species suggests that the hemolytic mechanism of hemolysin BL is not necessarily uncommon but is commonly unrecognized.
The methods reported here are currently the only ones that allow the detection of a specific, well-characterized B. cereus toxin in complex samples or on primary culture media. They are simple, specific, and inexpensive and can easily be adapted to screen large numbers of samples. These methods will be useful in the study of nongastrointestinal B. cereus pathogenicity and may prove important in the study of diarrheal food poisoning. 
